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(54) OPTICAL ISOLATOR 

(57)Abstract: 

PURPOSE: To provide the small-sized optical isolator which 
has no wavelength dependency. 

CONSTITUTION: A rotary polarizing liquid crystal rotator 2 and 
a Faraday rotator 3 which change the polarizing direction of 
light are arranged between a polarizer 1 and an analyzer 4 which 
pass specific linear polarized light, and a magnetic field 5 is 
applied to the Faraday rotator 3; and the liquid crystal rotator 2 
has exactly opposite rotational angle characteristics from a 
polarized light rotational angle depending upon the wavelength 
of the Faraday rotator 3 for reverse-directional incident light to 
the isolator, and the analyzer 4 has its polarizing direction 
slanted to the polarizer 1 by the sum of an angle aof polarized 
light rotation of reference wavelength by the liquid crystal 
rotator 2 and 45°. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The liquid crystal rotator of the optical activity which can change the polarization direction of 
light between the polarizer which passes the specific linearly polarized light, and an analyzer, The Faraday 
rotator to which the polarization direction can be changed with the MAG is arranged. And it is the optical 
isolator which equipped the above-mentioned Faraday rotator with the magnet for generating the Faraday 
effect. The above-mentioned liquid crystal rotator has an angle-of-rotation property completely contrary to 
the polarization angle of rotation for which it depended on the wavelength of the above-mentioned Faraday 
rotator to the incident light of the hard flow to the optical isolator concerned. The above-mentioned analyzer 
is an optical isolator characterized by only the sum of the polarization angle of rotation in the criteria 
wavelength by the above-mentioned liquid crystal rotator and 45 degrees having leaned the polarization 
direction to the above-mentioned polarizer. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical isolator aiming at a miniaturization. 
[0002] 

[Description of the Prior Art] In optical communication, the videodisk which can be written in using 
semiconductor laser etc. as the light source, the optical isolator which prevents the reflected light from an 
optical fiber, a lens system, and a connector end face is used. 

[0003] The conventional optical isolator is shown in drawing 3 and 4. As shown in both drawings, a 
polarizer 101, the Xtal rotator 102 of optical activity, Faraday rotator 103, and an analyzer 104 arranged the 
optical axis, and carried out sequential arrangement, and this optical isolator is equipped with the magnet 
which a magnetic field 105 is given [ magnet ] and makes Faraday rotator 103 generate the Faraday effect 
and which is not illustrated. Here, the optical-activity Xtal rotator 102 compensates the polarization angle- 
of- rotation wavelength dependency of Faraday rotator 103. Moreover, only the sum of a polarization angle 
of rotation [ in / in an analyzer 104 / the criteria wavelength of the optical-activity Xtal rotator 102 ] and 45 
degrees has leaned the polarization direction to the polarizer 101. 

[0004] signs that the light of criteria wavelength was introduced into such an optical isolator — drawing 3 
(A) and (B) It explains referring to. Drawing 3 (A) 106-1-5 show the situation of the polarization of light 
which goes to the forward direction, and after the light (106-1) of the criteria wavelength which goes to the 
forward direction turns into light (106-2) which is in agreement in the polarization direction with passage of 
a polarizer 101, it is outputted by the optical-activity Xtal rotator 102 in response to rotation of an include 
angle alpha (106-3). And this light (106-3) receives 45 rotations in this direction by Faraday rotator 103, and 
is the light which rotated only alpha+45 degrees to the polarization direction of a polarizer 101 after passage 
(106-4). Therefore, this light (106-4) passes the analyzer 104 with which the polarization direction leans and 
is allotted only alpha+45 degrees to the polarizer 101 (106-5). 

[0005] Drawing 3 (B) 107-1-4 show the situation of the polarization of light which goes to hard flow, and 
only the light (107-2) which corresponds in the polarization direction of an analyzer 104 passes the analyzer 
104 concerned. This light (107-2) is alpha+45 degrees (based on the hand of cut in the forward direction.) to 
the polarization direction of a polarizer 101 . It is the same light which rotated below, and after Faraday 
rotator 103 passage, this light (107-2) receives 45 rotations, and turns into light (107-3) which rotated 
alpha+90 degrees to the polarization direction of a polarizer 101. And since this light (107-3) turns into light 
(107-4) which received rotation of -alpha by the optical-activity Xtal rotator 102 further, and rotated 90 
degrees to the polarization direction of a polarizer 101, a polarizer 101 cannot be passed. 
[0006] next, the case where a different light from criteria wavelength is introduced — drawing 4 (A) and (B) 
It explains referring to. Drawin g 4 (A) 108-1-5 show the situation of the polarization of light which goes to 
the forward direction, and after the light (108-1) of criteria wavelength and different wavelength turns into 
light (108-2) which was in agreement in the polarization direction with passage of a polarizer 101, it is 
outputted by the optical-activity Xtal rotator 102 in response to rotation of include-angle alpha+delta (108- 
3). And this light (108-3) receives rotation of 45 degree +delta in this direction by Faraday rotator 103, and 
is the light which rotated only alpha+2delta+45 degree to the polarization direction of a polarizer 101 after 
passage (108-4). therefore, the light (108-5) outputted from an analyzer 104 will become one times the 
reinforcement of cos2 2delta to the output light (108-3) from Faraday rotator 103, if loss of an analyzer 104 
is disregarded. 

[0007] Drawin g 4 (B) 109-1-4 show the situation of the polarization of light which goes to hard flow. The 
light (109-2) which passes an analyzer 104 among the light (109-1) of criteria wavelength and different 
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wavelength is a light which is rotating alpha+45 degrees to the polarization direction of a polarizer 101, and 
this light turns into light (109-3) which rotated +90 alpha+delta to the polarization direction of a polarizer 
101 after Faraday rotator 103 passage. Furthermore, since this light receives rotation only for - (alpha+delta) 
by the optical-activity Xtal rotator 102, since the light which passed the Xtal rotator 102 turns into light 
(109-4) which intersects perpendicularly in the polarization direction of a polarizer 101, it cannot pass a 
polarizer 101 . 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, in order to compensate the polarization 
angle-of-rotation wavelength dependency of Faraday rotator 103 with the conventional optical isolator, the 
optical-activity Xtal rotator 102 is used. However, the problem of becoming large has the about double 
figures thickness of the Xtal rotator 1 02 required since it is small about double figures as compared with the 
polarization rotation ability of Faraday rotator 103, in order that the polarization rotation ability of the 
optical-activity Xtal rotator 102 may compensate the wavelength dependency of Faraday rotator 103 from 
Faraday rotator 103. That is, in the former, when it is going to compensate the wavelength dependency of 
Faraday rotator 103, there is a problem that the whole optical-isolator size will large-sized-ize. 
[0009] In this invention, it aims at compensating the wavelength dependency of Faraday rotator and offering 
an optical isolator with small whole size in view of such a situation. 
[0010] 

[Means for Solving the Problem] The optical isolator of this invention which attains said purpose The liquid 
crystal rotator of the optical activity which can change the polarization direction of light between the 
polarizer which passes the specific linearly polarized light, and an analyzer, The Faraday rotator to which 
the polarization direction can be changed with the MAG is arranged. And it is the optical isolator which 
equipped the above-mentioned Faraday rotator with the magnet for generating the Faraday effect. The 
above-mentioned liquid crystal rotator has an angle-of-rotation property completely contrary to the 
polarization angle of rotation for which it depended on the wavelength of the above-mentioned Faraday 
rotator to the incident light of the hard flow to the optical isolator concerned. The above-mentioned analyzer 
is characterized by only the sum of the polarization angle of rotation in the criteria wavelength by the above- 
mentioned liquid crystal rotator and 45 degrees having leaned the polarization direction to the above- 
mentioned polarizer. 
[0011] 

[Function] A polarization angle of rotation becomes reverse in the forward direction and hard flow, and, as 
for Faraday rotator, there is a wavelength dependency in this polarization angle of rotation. On the other 
hand, a liquid crystal rotator has the polarization angle of rotation in which a polarization angle of rotation 
has the same and, same magnitude wavelength dependency as Faraday rotator in the forward direction and 
hard flow. Therefore, the wavelength dependency of Faraday rotator is compensated by the liquid crystal 
rotator of optical activity. 
[0012] 

[Example] Hereafter, this invention is explained based on an example. 

[0013] The optical isolator of this example is shown in drawin g 1 and 2. As shown in both drawings, this 
optical isolator carried out sequential arrangement of a polarizer 1, the liquid crystal rotator 2 of optical 
activity, Faraday rotator 3, and the analyzer 4, where that optical axis is arranged, and is equipped with the 
magnet which a magnetic field 5 is given [ magnet ] and makes Faraday rotator 3 generate the Faraday 
effect and which is not illustrated. Here, the optical -activity liquid crystal rotator 2 compensates the 
polarization angle-of-rotation wavelength dependency of Faraday rotator 3. Moreover, only the sum of a 
polarization angle of rotation and 45 ** has leaned the polarization direction to the polarizer 1. [ in / in an 
analyzer 4 / the criteria wavelength of the optical-activity liquid crystal rotator 2 ] 

[0014] Here, the optical-activity liquid crystal rotator 2 has the property of always rotating the passing light 
in this direction. That is, the light of criteria wavelength is drawing 1 (A). In passing to the forward direction 
so that it may be shown, only alpha receives rotation, and it is drawing 1 (B). If it is based on the hand of cut 
of the forward direction when passing to hard flow so that it may be shown - Only alpha will receive 
rotation. Moreover, it has set up so that the polarization angle of rotation of the optical-activity liquid crystal 
rotator 2 may compensate the wavelength dependency of Faraday rotator 3 depending on wavelength. That 
is, it is drawin g 2 (A) by making the same the increment in the polarization angle of rotation depending on 
the wavelength of Faraday rotator 3 and the optical-activity liquid crystal rotator 2 (decrement). Although 
only 2delta is rotated too much from criteria wavelength in the forward direction so that it may be shown, it 
is drawin g 2 (B). In hard flow, a wavelength dependency will be offset by Faraday rotator 3 and the optical- 
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activity liquid crystal rotator 2 so that it may be shown. 

[0015] The twisted pneumatic (TN) liquid crystal as an example of the optical-activity liquid crystal rotator 
2 has the transmission coefficient T of light shown by the degree type. 
[0016] 
[Equation 1] 



[0017] Here, it is u=2 ddeltan/lambda and d is [ a refractive-index difference and lambda of the thickness of 
liquid crystal and del tan ] the wavelength of light. Although it turns out that the permeability of light 
changes with wavelength from the upper type, this is for a polarization angle of rotation to be dependent on 
wavelength. That is, by using this property, as mentioned above, the wavelength dependency of Faraday 
rotator 3 can be compensated. And about double figures thickness of the optical-activity liquid crystal 
rotator 2 can be made small compared with the Xtal rotator, and can attain the miniaturization of the optical 
isolator itself. In addition, it cannot be overemphasized that the liquid crystal rotator 2 is not what is limited 
to the above-mentioned TN liquid crystal. 

[0018] signs that the light of criteria wavelength was introduced into the optical isolator of this example — 
drawin g 1 (A) and (B) It explains referring to. Drawing 1 (A) 6-1-5 show the situation of the polarization of 
light which goes to the forward direction, and after the light (6-1) of the criteria wavelength which goes to 
the forward direction turns into light (6-2) which is in agreement in the polarization direction with passage 
of a polarizer 1, it is outputted by the optical-activity liquid crystal rotator 2 in response to rotation of an 
include angle (6-3). And this light (6-3) receives 45 rotations in this direction by Faraday rotator 3, and is 
the light which rotated only alpha+45 degrees to the polarization direction of a polarizer 1 after passage (6- 
4). Therefore, this light (6-4) passes the analyzer 4 with which the polarization direction leans and is allotted 
only alpha+45 degrees to the polarizer 1 (6-5). 

[0019] Drawing 1 (B) 7-1-4 show the situation of the polarization of light which goes to hard flow, and only 
the light (7-2) which corresponds in the polarization direction of an analyzer 4 passes the analyzer 4 
concerned. This light (7-2) is alpha+45 degrees (based on the hand of cut in the forward direction.) to the 
polarization direction of a polarizer 1 . It is the same light which rotated below, and after Faraday rotator 3 
passage, this light (7-2) receives 45 rotations, and turns into light (7-3) which rotated alpha+90 degrees to 
the polarization direction of a polarizer 1 . And since this light (7-3) turns into light (7-4) which received 
rotation of -alpha by the optical-activity liquid crystal rotator 2 further, and rotated 90 degrees to the 
polarization direction of a polarizer 1 , a polarizer 1 cannot be passed. 

[0020] next, the case where a different light from criteria wavelength is introduced — drawing 2 (A) and (B) 
It explains referring to. Drawin g 2 (A) 8-1-5 show the situation of the polarization of light which goes to the 
forward direction, and after the light (8-1) of criteria wavelength and different wavelength turns into light 
(8-2) which was in agreement in the polarization direction with passage of a polarizer 1 , it is outputted by 
the optical-activity liquid crystal rotator 2 in response to rotation of include-angle alpha+delta (8-3). And 
this light (8-3) receives rotation of 45 degree +delta in this direction by Faraday rotator 3, and is the light 
which rotated only alpha+2delta+45 degree to the polarization direction of a polarizer 1 after passage (8-4). 
therefore, the light (8-5) outputted from an analyzer 4 will become one times the reinforcement of cos2 
2delta to the output light (8-3) from Faraday rotator 3, if loss of an analyzer 4 is disregarded. 
[0021] Drawing 2 (B) 9-1-4 show the situation of the polarization of light which goes to hard flow. The light 
(9-2) which passes an analyzer 4 among the light (9-1) of criteria wavelength and different wavelength is a 
light which is rotating alpha+45 degrees to the polarization direction of a polarizer 1, and this light turns into 
light (9-3) which rotated +90 alpha+delta to the polarization direction of a polarizer 1 after Faraday rotator 3 
passage. Furthermore, since this light receives rotation only for - (alpha+delta) by the optical-activity liquid 
crystal rotator 2, since the light which passed the liquid crystal rotator 2 turns into light (9-4) which 
intersects perpendicularly in the polarization direction, it cannot pass a polarizer 1 . 

[0022] As explained above, the optical isolator of this example compensates the wavelength dependency of 
Faraday rotator 3 with the liquid crystal rotator 2, and can call it a small optical isolator without the 
wavelength dependency of incident light. In addition, in the above-mentioned configuration, it cannot be 
overemphasized that the same effectiveness is acquired in arrangement of Faraday rotator 3 and the liquid 
crystal rotator 2 even if reverse. 
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[0023] 

[Effect of the Invention] As explained above, the polarization angle of rotation over wavelength has 
amended the polarization angle-of-rotation wavelength dependency of Faraday rotator using a completely 
reverse liquid crystal rotator to the polarization angle of rotation of Faraday rotator, and an optical isolator 
without a wavelength dependency can be constituted, under the present circumstances, since polarization 
rotation ability of a liquid crystal rotator can be made larger than Faraday rotator, it can come out to make 
thin thickness for compensating the wavelength dependency of Faraday rotator, and, so, it can make size of 
the whole optical isolator small. 

[Translation done.] 
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